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METHOD OF MANUFACTURING A 
VEHICLE BODY AND FRAME ASSEMBLY 

CROSS REFERENCE TO RELATED APPLICATION 
This application claims the benefit of United States Provisional Application No. 
60/282,324, filed April 6, 2001, the disclosure of which is incorporated herein by 
reference. 



BACKGROUND OF THE INVENTION 
This invention relates in general to methods for manufacturing body and frame 
assemblies for vehicles. More specifically, this invention relates to an improved 
method for manufacturing a vehicular body and frame assembly including a pair of 

15 side rails, wherein each of the side rails has a central portion that is enlarged relative to 
the ends portions thereof. 

Many land vehicles in common use, such as automobiles, vans, and trucks, 
include a body and frame assembly that is supported upon a plurality of ground- 
engaging wheels by a resilient suspension system. The structures of known body and 

20 frame assemblies can be divided into two general categories, namely, separate and 

unitized. In a typical separate body and frame assembly, the structural components of 
the body portion and the frame portion of the vehicle are separate and independent 
from one another. When assembled, the frame portion of the assembly is resiliently 
supported upon the vehicle wheels by the suspension system and serves as a platform - 

25 upon which the body portion of the assembly and other components of the vehicle can 
be mounted. Separate body and frame assemblies of this general type are found in 
most older vehicles, but remain in common use today for many relatively large or 
specialized use modem vehicles, such as large vans, sport utility vehicles, and trucks. 
In a typical unitized body and frame assembly, the structural components of the body 

30 portion and the frame portion are combined into an integral unit that is resiliently 
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supported upon the vehicle wheels by the suspension system. Unitized body and 
frame assemblies of this general type are found in many relatively small modern 
vehicles, such as automobiles and minivans. 

One well known example of a separate type of vehicular body and frame 
5 assembly is commonly referred to as a ladder frame assembly. A ladder frame 

assembly includes a pair of longitudinally extending side rails that are joined together 
by a plurality of transversely extending cross members. The cross members connect 
the two side rails together and provide desirable lateral, vertical, and torsional stiffness 
to the ladder frame assembly. The cross members can also be used to provide support 

1 0 for various components of the vehicle. Depending upon the overall length of the 

vehicle and other factors, the side rails of a conventional ladder frame assembly may 
be formed either from a single, relatively long structural member or from a plurality of 
individual, relatively short structural members that are secured together. For example, 
in vehicles having a relatively short overall length, it is known to form each of the side 

15 rails from a single integral structural member that extends the entire length of the 

vehicle body and frame assembly. In vehicles having a relatively long overall length, 
it is known to form each of the side rails from two or more individual structural 
members that are secured together, such as by welding, to provide a unitary structural 
member that extends the entire length of the vehicle body and frame assembly. 

20 Traditionally, the side rails of known vehicle body and frame assemblies have 

been formed exclusively from open channel structural members, i.e., structural 
members that have a non-continuous cross sectional shape (U-shaped or C-shaped 
channel members, for example). Thus, it is known to use a single integral open 
channel structural member to form a side rail that extends the entire length of the 

25 vehicle body and frame assembly, as described above. Additionally, it is known to 
secure a plurality of such open channel structural members together to form the 
individual sections of a unitary side rail for a vehicle body and frame assembly, as also 
described above. However, the use of open channel structural members to form the 
side rails and cross members for vehicle body and frame assemblies has been found to 

30 be undesirable for several reasons. First, it is relatively time consuming and expensive 
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to bend multiple portions of the side rails to conform to a desired final shape, as is 
commonly necessary. Second, after such bending has been performed, a relatively 
large number of brackets or other mounting devices must usually be secured to each of 
the side rails to facilitate the attachment of the various components of the vehicle to 
5 the body and frame assembly. Third, in those instances where the side rails are 

formed from a plurality of individual sections, it has been found difficult to maintain 
dimensional stability throughout the length of the side rail when the individual side 
rail sections are secured together. 

More recently, it has been proposed to form the side rails and the cross 

10 members from closed channel structural members, i.e., structural members that have a 
continuous cross sectional shape (tubular or box-shaped channel members, for 
example). In vehicle body and frame assemblies of this type, it is known that the 
closed channel structural member may be deformed to a desired shape by 
hydroforming. Hydroforming is a well known process that uses pressurized fluid to 

15 deform a closed channel structural member into a desired shape. To accomplish this, 
the closed channel structural member is initially disposed between two die sections of 
a hydroforming apparatus that, when closed together, define a die cavity having a 
desired final shape. Thereafter, the closed channel structural member is filled with a 
pressurized fluid, typically a relatively incompressible liquid such as water. The 

20 pressure of the fluid is increased to a magnitude where the closed channel structural 
member is expanded or otherwise deformed outwardly into conformance with the die 
cavity. As a result, the closed channel structural member is deformed into the desired 
final shape. 

Hydroforming has been found to be a desirable forming process because 
25 portions of a closed channel structural member can be quickly and easily deformed to 
have a complex cross sectional shape. In those instances where the perimeter of the 
closed channel structural member is essential the same as the perimeter of the die 
cavity, the cross sectional shape of the closed channel structural member is changed 
during the hydroforming process. However, at least ideally, the wall thickness of the 
30 closed channel structural member should remain relatively constant throughout the 
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deformed region. Hydroforming has also been found to be a desirable forming process 
because portions of a closed channel structural member can be quickly and easily 
expanded from a relatively small perimeter to a relatively large perimeter. In those 
instances where the perimeter of the closed channel structural member is somewhat 
5 smaller than the perimeter of the die cavity, not only is the cross sectional shape of the 
closed channel structural member changed during the hydroforming process, but the 
wall thickness thereof is decreased. However, at least ideally, the wall thickness of the 
closed channel structural member should decrease uniformly through the expanded 
region. 

10 Such variations in the wall thickness of the closed channel structural member 

are usually considered to be undesirable because they can result in undesirable 
weaknesses in the formed closed channel structural member. One solution is to 
increase the wall thickness of the entire closed channel structural member such that the 
most extreme reductions in the wall thickness thereof would not adversely affect the 

15 overall strength of the member for its intended use. However, such over-designing 
undesirably increases the overall weight and cost of the closed channel structural 
member and the resultant vehicle frame component. An alternative solution is to 
employ a process known as end feeding. End feeding involves applying a mechanical 
force against one or both end portions of the closed channel structural member 

20 simultaneously as the interior portion is expanded. As a result, some of the metallic 
material of the end portions flows into the interior portion being expanded, thus 
minimizing the reduction in the wall thickness thereof. End feeding has been found to 
function satisfactorily in many instances, particularly when the interior portion being 
expanded is located relatively near to the ends portions, when the overall length of the 

25 closed channel structural member is relatively short, and when the shape of the closed 
channel structural member is relatively straight. This is because the end feeding 
process is somewhat limited in its ability to cause the metallic material of the end 
portions of the closed channel structural member to flow into the expanded interior 
portion. 
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Unfortunately, it has been found that the side rails and other components of 
some vehicle body and frame assemblies sufficiently long or complex in shape as to 
render the end feeding process ineffective to minimize the undesirable reduction in the 
wall thickness when the interior portion of the closed channel structural member is 
5 expanded during hydroforming. In many instances, it is desirable to expand one or 
more interior portions of the side rail to provide a desired magnitude of stiffness, 
especially when the side rail is relatively long, and the distance between the front and 
rear axles is relatively large. Thus, it would be desirable to provide an improved 
method for hydroforming a relatively long or complex shaped closed channel 
10 structural member that facilitates the use of the end feeding process to minimize the 
reduction in the wall thickness during expansion. 

SUMMARY OF THE INVENTION 
This invention relates to an improved method for forming a closed channel 

15 structural member for use in a vehicle frame assembly. In a first embodiment, a tube 
is formed in a hydroforming die to have a desired shape that is preferably 
characterized by a relatively small dimension central portion extending between a pair 
of relatively large dimension end portions. Next, the tube is divided into two pieces in 
any conventional manner, such as by cutting, to provide two tube sections. Each of 

20 the two tube sections is then oriented in the opposite direction such that the relatively 
large end portions of the tube are oriented facing one another. An intermediate 
member is disposed between the relatively large end portions of the tube. Lastly, the 
relatively large end portions of the two tube sections are joined to the ends of the 
intermediate member in any conventional manner, such as by butt welding, to form a 

25 unitary member characterized by a relatively large dimension central portion 

extending between a pair of relatively small dimension end portions. In a second 
embodiment of this invention, a tube is formed in a hydroforming die to have a desired 
shape that is preferably characterized by a relatively small dimension central portion 
extending between a pair of relatively large dimension end portions. Next, the tube is 

30 divided into two pieces in any conventional manner, such as by cutting, to provide two 
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tube sections, each having a relatively large end portion and a relative small end 
portion; A side rail section is secured to the relatively large end portions of the two 
tube sections in any conventional manner, such as by butt welding, to form a pair of 
unitary members. The unitary members can be used as components, such as the side 
5 rails, of a vehicle body and frame assembly. 

Various objects and advantages of this invention will become apparent to those 
skilled in the art from the following detailed description of the preferred embodiments, 
when read in light of the accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional elevational view of a closed channel structural member 
disposed within a hydro forming die prior to the commencement of a hydroforming 
operation in accordance with a first embodiment of the method of this invention. 

Fig. 2 is a sectional elevational view of the closed channel structural member 
15 and the hydroforming die illustrated in Fig. 1 after the completion of the hydroforming 
operation. 

Fig. 3 is a sectional elevational view of the closed channel structural member 
illustrated in Fig. 1 after having been removed from the hydroforming die and after 
having the end portions trimmed off. 
20 Fig. 4 is a sectional elevational view of the closed channel structural member 

illustrated in Fig. 3 after having been cut into two sections. 

Fig. 5 is a sectional elevational view of the two sections illustrated in Fig. 4 
after having been reversed in orientation. 

Fig. 6 is a sectional elevational view of the two sections illustrated in Fig. 5 
25 having an intermediate member disposed therebetween. 

Fig. 7 is a sectional elevational view of the two sections and the intermediate 
member illustrated in Fig. 6 after having been secured together to form a side rail. 

Fig. 8 is a perspective view of a vehicle body and frame assembly including a 
pair of side rails manufactured in accordance with the method illustrated in Figs. 1 
30 through 7. 
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Fig. 9 is a sectional elevational view similar to Fig. 3 showing a closed channel 
structural member after having been removed from the hydroforming die and after 
having the end portions trimmed off in accordance with a second embodiment of the 
method of this invention. 
5 Fig. 10 is a sectional elevational view of the closed channel structural member 

illustrated in Fig. 9 after having been cut into two sections. 

Fig. 1 1 is a sectional elevational view of the two sections illustrated in Fig. 10 
having respective end members aligned therewith. 

Fig. 12 is a sectional elevational view of the two sections and their respective 
10 end members illustrated in Fig. 1 1 after having been secured together to form a pair of 
side rails. 

Fig. 13 is a perspective view of a vehicle body and frame assembly including a 
pair of side rails manufactured in accordance with the method illustrated in Figs. 9 
through 12. 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, there is illustrated in Fig. 1 a closed channel 
structural member, such as a tube 10, that can be used in conjunction with a first 
embodiment of the method of this invention to form a vehicle frame component or 

20 other desired article. The tube 10 is conventional in the art and is preferably formed 
having a uniform wall thickness through the length thereof. The tube 10 is disposed 
within a forming die, indicated generally at 1 1, that is composed of a first die section 
12 and a second die section 13. The forming die 1 1 can, for example, be a die that is 
adapted for use in a hydroforming apparatus. Although this invention will be 

25 discussed in terms of hydroforming as the process by which the tube 10 is deformed 
within the die 1 1, it will be appreciated that other deforming processes (such as 
electromagnetic pulse forming, for example) can be used to deform the tube 10 in the 
die 1 1 . Although the method of this invention will be explained and illustrated in 
conjunction with the illustrated linearly extending tube 10, it will be appreciated that 

30 this invention may be practiced with a tube that has been pre-bent, such as in a 
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otherw,se been preformed in any other known manner. 

Thelengmofmeillushated tube 10 i S somewha, greater man me lengd, of tire 
hydro.ormmg.nen. Thus, end portions 14 of the tube 10 extend outwardlyfrom foe 
5 opposed ends of the hydroforming die 1 ,. The end portions M „ ^ [ ^ 
engaged by respective end feed cylinders (no, shown) of a hydroforming apparatus 
The end feed cylinders are conventional in tire art and are adapted to seal against the 
respechve end portions ,4 of the tnbe 10 and to conduct pressurized fluid into the 
-noroftherube^inamannerdescribedflrrtherbelow. The end feed cylmders are 

■0 ^^•oe.ertinwardlydirectedforcesontheendportionsMofthelbe.O 
dunng me hydroforming operation, as will also be described further below 

13b f SeC,i0 ° S 12 13 ^ ° aVi,yPOrti ™ S ^ ™ - '3a, 

formed .herein that cooperate to form a hydrofonning die cavity when the die 

sechons 2 and ,3 are moved into engagement with one another as shown. The inner 

Seconal shape to the desired shape for me tube ,0 throughout some or all of me 

engtirmereofaftermehydrofonningopemtionhaabeenperformed. Thus, the inner 
surface of the die cavity of the hydroforming die 1 , may be formed having any desired 
«---,0.rnecav i) yportio„ s , 2M2bmdl 3 M 3 bMep J rabl 
formed relatively near ,„ the end portions ,4 of the tube 10, for a reason that win be 
explamed below. The perimeters ofthecavity portions ofthe hydrofonning die 1, are 
somewha, larger man me perimeter of me associated portions mbe 10 extending 
titeremrough. As will be explained in de,ai, below, me perimeter of the mbe 10 will 
he mcreased witinn mese emarged cavhy p„ nions oflhe hydrof dfe 
the hydroforming operation. 

The hydroforming operation is, of ftself conventional in me an and uses 
pressurized fluid ,o deform and expand me mbe 10 in,o conformance whh <he die 
-ry of me hydroforming die 1, . To accomplish mis, me end portions ,4 of me mbe 
.0 are unuafly engaged by me end feed cyflnders. Then, me mbe ,0 is fllled wim a 
Pressurized fluid, rypicahy a relati ve ly incompressible M quid such M water ^ 



8 



pressure of the fluid is increased to a magnitude where the tube 10 is deformed 
outwardly into conformance with the die cavity. At the same time, the end feed 
cylinders may, if desired, be operated to exert inwardly directed forces against the end 
portions 14 of the tube 10. As a result, the tube 10 is deformed into the shape 
5 illustrated in Fig. 2, wherein the tube 10 corresponds with the inner surface of the die 
cavity of the hydroforming die 1 L In the regions of the two enlarged cavity portions, 
the wall thickness of the tube 10 is reduced somewhat. However, the end feeding 
process causes some of the end portions 14 of the tube 10 to be moved inwardly within 
the hydroforming die 1 1 by the end feed cylinders. As a result, the amount of such 
10 wall thickness reduction is minimized when the end feeding process performed. It will 
be appreciated that any conventional apparatus may be used to perform the 
< hydroforming operation. 

Following the hydroforming operation, the tube 10 is removed from the 
hydroforming die 11. Then, the end portions 14 of the tube 10 are removed in any 

15 conventional manner, such as by cutting, to provide a truncated tube 10, as shown in 
Fig. 3. The truncated tube 10 is characterized by a relatively small dimension central 
portion extending between a pair of relatively large dimension end portions. The end 
portions terminate in respective relatively large end surfaces 15. As will become 
apparent below, it is preferable that the two relatively large end surfaces 15 be 

20 comparable in size and shape, although such is not required. 

Next, as shown in Fig. 4, the tube 1 0 is divided into two pieces in any 
conventional manner, such as by cutting, to provide two tube sections 10a and 10b. In 
the illustrated embodiment, the two tube sections 10a and 10b are formed by cutting 
through the relatively small dimension central portion of the tube 10. However, the 

25 tube 10 may be cut or otherwise divided at any desired location. After the tube 10 has 
been divided in this manner, each of the two tube sections 10a and 10b terminates in a 
relatively small end surface 16 that is opposite the associated relatively large end 
surface 15. Each of the two tube sections 10a and 10b is then oriented in the opposite 
direction such that the two relative large end surfaces 15 are disposed adjacent to one 

30 another, as shown in Fig. 5. 



Next, as shown in Fig. 6, an intermediate member 17 is disposed between the 
relatively large end surfaces 15 of the two tube sections 10a and 10b. Preferably, the 
intermediate member 17 is sized approximately the same as the sizes of the relatively 
large end surfaces 15 of the two tube sections 10a and 10b. However, the intermediate 
member 17 may be formed having any desired size and shape. Also, the intermediate 
member 17 is preferably formed from a single closed channel structural member, 
similar to the two tube sections 10a and 10b. However, the intermediate member 17 
may be formed from multiple pieces, and some or all of such pieces may be formed 
from open channel structural members. 

Lastly, the ends of the intermediate member 17 are secured to the two relatively 
large end surfaces 15 in any conventional manner, such as by butt welding as shown at 
18 in Fig. 7, to form a unitary member, indicated generally at 20. As mentioned 
above, such joining can be facilitated by forming the two relatively large end surfaces 
15 to be comparable in size and shape to the ends of the intermediate member 17. The 
resultant unitary member 20 can be characterized by a relatively large dimension 
central portion extending between a pair of relatively small dimension end portions, 
although the relative sizes of the various portions of the unitary member 20 can be 
varied as desired. The unitary member 20 can, for example, be used as a component 
of a vehicle body and frame assembly. Fig. 8 illustrates one example of a vehicle 
body and frame assembly, indicated generally at 30, wherein two of such unitary 
members 20 are provided as side rails in a ladder type frame assembly having a 
plurality of cross members 21 extending therebetween. It will be appreciated that the 
unitary member 20 can be sized and shaped for use as any type of vehicle frame 
component in any type of vehicle body and frame assembly. 

Thus, it will be appreciated that in accordance with the method of this 
invention, the tube 1 0 is initially deformed to have~a relatively small dimension central 
portion extending between a pair of relatively large dimension end portions. 
Thereafter, the deformed tube 10 is cut into two pieces, reversed in orientation, and 
secured to an intermediate member 17 such that the final unitary member 20 has a 
relatively large dimension central portion extending between a pair of relatively small 
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dimension end portions. This method allows the initial hydroforming expansion 
process to occur at the outermost ends of the tube 10 3 where it can be performed most 
conveniently with a minimum amount of reduction in wall thickness. Specifically, the 
initial hydroforming expansion occurs at locations on the tube 10 where the end 
feeding process has been found to function most satisfactorily. Such end feeding 
would, as discussed above, be much more difficult if it were attempted to form the 
unitary member 20 directly. This is because it is difficult to perform the end feeding 
process effectively when the interior portion being expanded is located relatively far 
from the ends portions, when the overall length of the closed channel structural 
member is relatively long, and when the shape of the closed channel structural 
member is not relatively straight. 

Referring now to Fig. 9, there is illustrated a closed channel structural member 
40 that can be formed in the same manner and that can have the same structure as the 
closed channel structural member 10 described above. Thus, the truncated tube 40 is 
characterized by a relatively small dimension central portion extending between a pair 
of relatively large dimension end portions. The end portions terminate in respective 
relatively large end surfaces 45. The two relatively large end surfaces 45 can be 
comparable in size and shape, although such is not required. 

Next, as shown in Fig. 10, the tube 40 is divided into two pieces in any 
conventional manner, such as by cutting, to provide two tube sections 40a and 40b. In 
the illustrated embodiment, the two tube sections 40a and 40b are formed by cutting 
through the relatively small dimension central portion of the tube 40. However, the 
tube 40 may be cut or otherwise divided at any desired location. After the tube 40 has 
been divided in this manner, each of the two tube sections 40a and 40b terminates in a 
relatively small end surface 46 that is opposite the associated relatively large end 
surface 45. 

Next, as shown in Fig. 1 1, an end member 47 is aligned with each of the two 
tube sections 40a and 40b such that end surfaces 48 of the end members 47 are 
disposed adjacent to the relatively large end surfaces 45 of the two tube sections 40a 
and 40b. Preferably, the end surfaces 48 of each of the end members 47 are sized 



11 



approximately the same as the sizes of the relatively large end surfaces 45 of the 
respective two tube sections 40a and 40b, as shown in Fig. 1 1 . However, the end 
surfaces 48 and the end members 47 themselves may be formed having any desired 
sizes and shapes. The end members 47 may be formed from a single closed channel 
structural member. However, the end members 47 may each be formed from multiple 
pieces, and some or all of such pieces may be formed from open channel structural 
members. 

Lastly, the end surfaces 48 of the end members 47 are respectively secured to 
the two relatively large end surfaces 45 in any conventional manner, such as by butt 
welding as shown at 49 in Fig. 12, to form a pair of unitary members, indicated 
generally at 50. As mentioned above, such joining can be facilitated by forming the 
two relatively large end surfaces 45 to be comparable in size and shape to the 
relatively large end surfaces of the end members 47. The resultant unitary member 50 
can be characterized by a relatively small dimension first end portion and a relatively 
large dimension second end portion, although the relative sizes of the various portions 
of the unitary member 50 can be varied as desired. The unitary member 50 can, for 
example, be used as a component of a vehicle body and frame assembly. Fig. 13 
illustrates one example of a vehicle body and frame assembly, indicated generally at 
60, wherein two of such unitary members 50 are provided as side rails in a ladder type 
frame assembly having a plurality of cross members 5 1 extending therebetween. It 
will be appreciated that the unitary member 50 can be sized and shaped for use as any 
type of vehicle frame component in any type of vehicle body and frame assembly. 

In accordance with the provisions of the patent statutes, the principle and mode 
of operation of this invention have been explained and illustrated in its preferred 
embodiment. However, it must be understood that this invention may be practiced 
otherwise than as specifically explained and illustrated without departing from its 
spirit or scope. 
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